Preface

The 2™ ISAMP workshop continued the review of ice scour effects relevant to the safe design and operation of
marine pipelines offshore, and addressed the issues of damage control and oil spili cleanup. The 1st Ice Scour &
Arctic Marine Pipelines workshop was held in February 1998. The proceedings of that workshop are available
from C-CORE. The general aims of the workshop were to exchange information through the review of progress
in understanding the ice scouring process and the related issues of pipeline burial, protection and damage
control.

The Minerals Management Service, C-CORE, OSCORA and the Sakhalin Oil & Gas Institute (SOGI) jointly
organized this second workshop. The workshop was held jointly with the 15th International Symposium on
Okhotsk & Sea Ice (organized by The Okhotsk Sea & Cold Ocean Research Association (OSCORA) and
International Association for the Physical Sciences of the Ocean (IAPSO)) in Mombetsu Hokkaido, Japan from
February 7 to 9, 2000.

The workshop executive committee included Dr. Aota, OSCORA; Dr. Astafiev, SOGL Dr. A. Palmer,
Cambridge University; Dr. R. Phillips, C-CORE, Dr. Saeki, Hokkaido University and Dr. C. Smith of Minerals
Management Service.

The workshop attendance was open to all symposium attendees and involved about 40 participants. Twenty
invited presentations were given by representatives from oil & gas industries, regulatory authorities, research
institutes and consultants from both the Russian Federation, NATO and Asian countries.

DISCUSSION - DEFINITION FUTURE NEEDS
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PRESENTATION ABSTRACTS

Offshore Oil Development in the Alaskan Arctic: Who Bears the Risk
George Ahmaogak, Mayor of North Slope Borough, Alaska

Gouging in the Context of Critical Issues for Arctic QOffshore Pipeline Development
Andrew Palmer, Cambridge University

Integrity of Offshore Pipelines: Two Recent Workshops
Charles Smith, Minerals Management Service

Development of offshore oil and gas resources has established the subsea pipeline as a reliable, cost effective
and safe method for transporting produced hydrocarbons. Today, there are approximately 30,000 miles of
pipelines on the U.S. OCS and a like number in state waters. Therefore, a pressing need in the world offshore
industry throughout the next decade is felt to be the design, safety assessment and repair/rehabilitation of
offshore pipelines, both for new and existing installations. In recognition of the important role that pipelines
will play in developing resources in deepwater and the Arctic, the MMS has sponsored a number of
international workshops in order to facilitate an improved understanding and assessment of offshore pipeline
safety in general. This paper summaries the two most recent workshops undertaken to meet theses goals: The
International Workshop on Offshore Pipeline Risk Management and the Alaskan Arctic Pipeline Workshop. In
addition, the paper presents recommendations for future pipeline needs to ensure that their record on safety and
reliability is maintained.

Behaviour of Oil in Ice
David Dickins, DF Dickins Associates Lid.
(paper unavailable)

Oil spills in ice have been studied extensively in U.S., Norwegian and Canadian offshore exploration areas for
the past 25 years. Primary data sources include a series of medium to large scale (10's to 100's of barrels)
experimental discharges in Canadian and Norwegian waters, tank and basin studies, and empirical modeling.
This paper describes the important processes governing the behaviour of oil in ice, and the experience gained
not only from experimental spills, but also accidental spills in a wide range of ice conditions in Finland, the
United States and Canada.

The discussion will focus on scenarios involving spills from buried arctic pipelines in scour-prone areas. Spills
in these environments may involve chronic long term leaks below the limits of routine detection (0.15% of
flow) and batch releases from pipeline ruptures (seismic activity, material failures, ice gouging). Processes
governing the fate and behaviour of the oil in these scenarios include spreading and natural containment by the
ice, encapsulation of the oil in growing ice and vertical migration of the oil through warming ice in the spring.
Each of these processes will be discussed in terms of the ice regimes present at the time of the spill: for
example, stable fast ice contrasted with broken moving ice. The application of past experience with oil-in-ice in
new arctic developments will be presented by using the Northstar offshore field, now under construction in
Alaska, as an example,

Oil Spill Response in Ice Infested Waters
Jim McHale', David Dickens’ and Nick Glover’
1: Alaska Clean Seas, 2: DF Dickins Associates, Ltd

Ice conditions, in dynamic stages of development and degradation, are present in the Beaufort Sea adjacent to
the operating oilfields on the Alaskan North Slope for over 280 days out of every calendar year. Additionally,
wind driven ice invasions may occur for short periods throughout the open-water season, typically July through
September. This ice presence, combined with the extreme arctic conditions routinely encountered, presents a
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challenge to mounting a safe and effective oil spill response action. In order to overcome this challenge,
responders must develop response action plans not only with an understanding of the physical environment but
also with a basic understanding of the effect this environment will have on the fate and behavior of the spilled
oil. Arctic spill response strategies worldwide have been developed through years of experience with both
offshore and onshore drilling and production operations and in all types of sea and ice conditions. Alaska’s
North Slope oil spill response plans are based on this experience, intense field training, and the ground-truthing
of related research and development projects.

Mechanical Oil Recovery In Ice Infested Waters (MORICE)
Hans Jensen and Jim McHale

“Mechanical Oil Recovery in Ice Infested Waters” (MORICE) was initiated to develop technologies for more
effective recovery of oil spills in ice. This is a multinational effort that has involved Norwegian, Canadian,
American and German researchers.

The program started with an extensive literature review, followed by brainstorming sessions and technical
discussions to generate ideas for potential solutions to the problem. As a result, a number of concepts were
suggested and discussed in detail. Most of these concepts went through qualitative laboratory testing. The lab
experiments provided important insight and reduced the number of concepts that warranted further evaluation
and development.

Phase 3 focused on continued development of two concepts. Detailed quantitative testing was conducted on
these concepts at a larger scale in the Hamburg Ship Model Basin (HSVA) in Hamburg, Germany. In Phase 4 a
complete full-scale harbour-sized prototype was constructed, comprising oil recovery and ice processing units
as well as the support vessel. The prototype was tested in ice in the Alaskan Beaufort Sea during freeze-up in
October 1999. Oil was not introduced during these tests.

The final phase of the MORICE program is planned to take place in 2000. Following more extensive
component testing of oil recovery in ice under controlled conditions, further ice testing will be carried out in the
Alaskan Beaufort Sea before the complete prototype is tested in oil and ice, probably at the OHMSETT test
facility in New Jersey, USA.

Since the results from the program are proprietary information, the presentation will describe the development
and status of the program at a qualitative level.

Ice Scour Morphology, Degradation Processes and Seabed Impact Rates, Resolute Bay, Cornwallis
Island, Canadian Central Arctic.

Steve Blasco', Robert Harmes' , Robert Myers2 and Rikk Kvitek®

1: Geological Survey of Canada, 2: Canadian Seabed Research Ltd., 3: California State University.
(paper unavailable)

Sea-ice and associated pressure ridges dominate the ice regime in the coastal waters of southern Cornwallis
Island near Resolute Bay. Small icebergs and ice island fragments occasionally drift into the area. Deep ice keel
impacts with the seabed in water depths ranging from 50 to 10 m were investigated between 1991 and 1999.
Using sidescan sonar repetitive mapping techniques, video transects of scours by SCUBA divers and erosion
stakes embedded in scour troughs and berms, new scours with depths exceeding 0.5 m were analyzed for size,
bathymetric rise-up, impact rates and morphologic changes over time. Analyzed scours ranged from 0.5 to 2.5
m deep, 10 to 400 m wide, and 25 to 1700 m long with rise-ups as great as 3 m. Scour orientation varied
considerably from parallel to orthogonal to bathymetric contours. Twenty-six new scours were identified over 8
years of mapping a seabed area of 7 km®. Impact rates for the 30 to 10 m water depth interval varied from 1 to 7
events per year with an average of 0.5 impacts per km? per year. No new scours were observed in water depths
between 50 and 30 m. Observations of new, recent and relict scours suggest degradation processes are
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dominated by current erosion of berms and troughs over time. This process is non-linear with more rapid
degradation in the first 20 years and reduced rates over the next 100 years or more as scour relief is lowered.

Seashore Morphology And Lithodynamic Of The North-East Sakhalin Coast

Surkov G.A. ', Polomoshnov A.M. !, Zemluk S.V. 2 Astafiev V.N. 2 Mikishin Y.A.  Ribokov V.F. * Brovko
P.F.* and Truskov P.A.°

1: Sakhalin Oil & Gas Institute, 2: JSC “Rosneft - Sakhalinmorneftegaz”, 3: Coastal Research Center of Far-
East State University. 4: Far-East State University. 5: Sakhalin Energy Investment Co.

Coastal lithodynamics is an important phenomenon and its effect should be considered in selecting onshore
crossings for subsea pipelines and sites for onshore facilities. Coastal lithodynamics of the north-east Sakhalin
coast has been studied by the Oil and Gas Institute "SakhalinNIPImorneft" for several decades. The results of
the study are presented.

Can Seabed Gouge Survey Data Be Applied to Prediction of Maximum Depths of Ice Keel Penetration?
Igor Stepanov, Arcric & Antarctic Research Institute

Evaluation of maximum depths of penetration of ice feature keels into seabed soil is one of the most important
problems which should be solved to provide appropriate protection against ice damages of submarine pipelines
on arctic shelf and in other shallow regions of ice-infected waters. Conventional approach to such an evaluation
1s developing ice gouge survey studies and further statistical analysis of the measured gouge depths. By means
of assessment of ice gouge depth probability distribution, the maximum gouge depths corresponding given
probability of exceedance are calculated. There are a number of reasons why estimates based on application of
this approach can not be considered reliable enough. In particular, measured gouge depth does not always
coincide with actual depth of ice keel penetration (this latter value is usually of practical interest for submarine
pipeline design). This discrepancy mainly results from the gouge infilling by surrounding soil; rate of such an
infilling can hardly be predicted with required accuracy. But even if actual depth of ice penetration is found out
somehow, confident assessment of this depth probability distribution scarcely achievable. In fact, a researcher
has the following alternative. One of two variants is evaluation of the probability distribution of depth in a given
(quite small) area of seabed by means of processing of measurements obtained in this particular area. In such a
case, number of observation will be probably not sufficient to get reliable estimate. An attempt to employ data
from a larger area (or from other regions) would result in another difficulty. Measurements performed in area(s)
with other angles of sea bottom slope, soil properties, direction and velocity of currents, geometry of ice
features, etc. are not representative for the particular small area. Simple subdivision of seabed areas depending
on only sea depth gradation (as it is done quite frequently) is definitely not sufficient. In accordance with
author’s understanding, the most appropriate solution of the problem under consideration is employing (and
comparative analysis of) not only ice gouge survey data but also results of theoretical consideration including
output of numerical simulation the gouging process.

Crushing Failure During Edge-Indentation of Floating Ice Sheets
Devinder Sodhi , CRREL, US Corp of Engineers

Small-scale indentation tests were conducted with compliant structures and freshwater ice sheets. Besides
measuring forces and displacements, we installed grid-based tactile pressure sensors at the ice-structure
interface to measure the pressure generated during an interaction, Similar to the results of earlier studies, the
results of the present study with compliant structures show that there is ductile deformation of ice at low
indentation speeds and continuous brittle crushing at high indentation speeds. During a typical cycle of the
dynamic ice-structure interaction at intermediate speeds, the tactile sensor data indicate that the ice deforms in a
ductile manner during the loading phase, and fails in a brittle manner during extrusion phase. Theoretical
estimates of global force are given in terms of non-simultaneous local force per unit width during continuous
brittle crushing. We find the effective pressure measured during small-scale indentation tests to be close to
those measured on full-scale structures, when the indentation rate is high in both situations.

xii



Ice Aspects of Ice Scour .
Ken Croasdale'" Richard McKenna®, Ryan Phillips®
1: KR Croasdale & Associates. 2: C-CORE.

To date, most classical treatments of the ice scour problem either ignore the ice or assume it has infinite strength
and driving force. Extreme scour depths and frequencies are developed from the ice scour record. Furthermore,
it is generaily assumed that pipelines and other sea floor facilities must avoid ice contact by trenching or burial
below the extreme depth of scour plus an allowance for sub scour disturbance. These approaches are
understandable given the scour evidence which suggests that the forces to create extreme ice scours are likely to
be larger than conventional pipelines can resist (Palmer, 1998).

The classical approach to designing for ice scour and avoiding direct ice contact, requires high confidence in
being able to define extreme scours from the ice scour record. This can be problematic in regions where the
combination of sea floor properties and oceanographic conditions leads to either rapid erosion or in-fill of the
scours. In these situations, attempts are made to develop values for scour depths and frequencies from the ice
characteristics. This requires a framework for the inclusion of limits to scour depth based on ice strength,
driving forces and momentum, as well as soil strengths, ridge depth and ridge frequency statistics. This
framework is similar to those developed for ice loads on structures. However, in the case of ice scour it is the
strength of the ice at the base of the keel, which is of interest and which is often hard to determine.

Knowledge of ice driving forces and keel ice strengths is also required to assess ice forces on sea floor pipelines
and other facilities subject to direct ice contact. This could be either by design - if it is considered more
economical to design the facility for direct contact than to bury it, or by accident - if a deeper scour than
anticipated occurs. Direct contact by ice can cause local damage (denting or puncturing) or global failure
(overall bending and tensile failures of pipelines). On the other hand, a pipeline with sufficient wall thickness or
armoring, combined with a suitable distributed anchoring system, may be feasible and cost effective, especially
if ice-feature bottom-strengths and driving forces are low enough.

This paper reviews the issues relating to the influence of ice strength and ice driving forces on ice scour
processes, and especially on designing pipelines and sea floor facilities for direct ice action. The keel ice
strengths of various ice features and ice driving forces are reviewed. Typical calculations are presented for loads
due to direct ice action. Uncertainties and future directions for this aspect of the ice scour problem are
discussed.

Comparison of Ice Strength and Scour Resistance
Jack Clark and Fanyu Zhu, C-CORE

This presentation reviews various ice/soil and ice/structure interaction concepts. The interaction of ice and soil
is studied in terms of contact area between the ice and the soil. It is well known that the failure pressure of ice
decreases with contact area. This has been demonstrated for level ice and icebergs, The relationships between
size of feature and strength for keel of ice pressure ridges is less well known but would logically follow the
same trend. The ice surface in contact with the soil is treated as an inclined footing. The bearing capacity of the
soil increases with the footing size while ice strength decreases with the size of the contact area. The strengths
of ice and soil versus contact area are compared when the friction angle of soil is from 20 to 50 degrees. From
the results of analysis, it is concluded that for ice/soil interaction, either ice or soil may fail, depending on
contact area. The larger the contact area, the more likely for the ice to fail rather than the soil. For strong soils
with friction angles of 40 to 50 degrees, only small ice contact areas can penetrate the seabed.

Discrete Element Simulation of Ridge Keel Resistance During Scouring: A Preliminary Study
Michael Lau', Ryan Phillips', Richard McKenna' and Stephen Jones
1: C-CORE. 2: IMD-NRC
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Ice scouring is a complex process, which involves the interaction of an ice feature and the seabed soil.
Conventional approaches have been focused on deformation behavior of seabed soil while assuming sufficient
driving forces transfer through the ice feature to scour the seabed. While this assumption may be valid for solid
ice features such as icebergs, validity of its application to ice feature like loosely consolidated first year ridge
keels is uncertain. For ice ridges, the keel may deform and fail before sufficient forces required to scour the
seabed can be transferred.

This paper reports the preliminary results of a series of discrete element simulations. These simulations looked
at the behavior of the ridge keel during idealized ice scouring events, and provided insights on how a scouring
ice keel transmits the forces required to scour the seabed. A 2-D discrete element code, DECICE2D, was used.
Important parameters include the angle the ice makes with the seabed, the velocity, the degree of confinement,
and the shear strength of the ridge keel. Preliminary results suggest that a large confining pressure could
develop at the frontal contact between the keel and the seabed. This confinement resulted in keel resistance
significantly higher than that predicted from existing analysis.

Behavior of Ridge Ice at a Time of Ice Scouring
Shinji Kioka', Yoshikatu Yasunaga', Hideyuki Nishimaki* and Hiroshi Saeki'
1: Hokkaido University. 2: Shimada Kensetu Co,Ltd

Ice scouring is a phenomenon which occurs when ice (pressure ridge, hummock or iceberg) moves in contact
with seabed. It has been reported to have caused damage to communication cables and water intake pipelines. In
condition that further oil or natural gas exploration projects in offshore areas of the arctic seas is becoming
popular, more care must be taken over the design and installation of oil pipelines in such areas in order to avoid
accidents due to ice scour. Therefore, it will be very important to estimate rational maximum scour depth due to
complicate behavior of ice, and will also be very important to evaluate forces acting on sea bed and stress that is
transmitted via the seabed and deformation of soil due to the loads.

In our previous researches, we concluded that local fluctuations in ice forces (bulldozing forces) in the
horizontal direction depended on the slope at the corresponding point on the scour curve (the path of motion of
the model ice in plane), and in many cases, ice was tend to move upward. If we understand its mechanisms, we
could estimate more rational maximum scour depth. So, it is important to acknowledge the behavior of ice at a
time of ice scouring.

Now, we have developed the rational experimental device system as compared to previous device system
(Kioka and Saeki, 1995,1998), and further approached our experimental conditions( attack angle, travelling
velocity and seabed slope) to real conditions. And scour length (travelling distance of the ice) was further
lengthened (more than 6 times longer than previous tests). Under the renewal conditions, we conducted a lot of
test series, and we revealed relationships between ice forces and behavior of ice , variations of its behavior due
to varies condition(attack angle, travelling velocity). And we also revealed the probability distribution of some
random variable under the same experimental condition.

Nurmerical Simulation of Ice Scour using a Static Elastoplastic FEM Analysis and a Steady State Semi-
Analytic Power Law Solution

A. Foriero' and A. von Keviczky’

1: Université Laval, 2: Concordia University

The knowledge of stress and strain rate associated with plastic flow during ice scouring of marine beds is of
great practical importance from the viewpoint of optimally determining the secure burial-depth of pipelines. A
complete exact solution of the problem is extremely difficult because the governing equations of plastic flow
are highly non-linear due to such common factors as non-lincar material behaviour, interface friction and

temperature. .
xiv



Consequently clay flow pattern and velocity field solutions, generally obtained by using simplifying
assumptions, provide an interesting approach.  An analysis with rate dependent clay, by using the complex
stress and stream functions, was proposed by Foriero (1998) and Foriero and Keviczky (1999). In the present
study a smail strain finite element analysis will be used in order to validate the proposed model. This is possible
because the stationary solution corresponds to the conventional static elasto-plastic one.

The horizontal and vertical velocities, strain rate and stress components are found for various strain rate
hardening parameters. The analysis illustrates that the velocity and strain rate components are independent of
the power law exponent.

FEM simulations of ice scouring in layered seabed profiles are also examined. In particular, limitations of the
proposed model with regards to cohesionless layered seabed profiles are discussed. Finally the study ends with
the general direction of future studies.

Measuring Sub-Scour Soil Displacements in Different Soil Types Using Examples from the Geological
Record
Chris Woodworth-Lynas, PETRA International

(paper unavailable)

The vertical extent and amount of displacement of soils affected by ice scour in the zone below the scouring
keel can be defined. This knowledge is one of the key determinants for the required trench depth at which a
pipeline can be considered safe from the damaging effects of scour events. Small scale and centrifuge physical
modelling have been of enormous use in defining the extent and amount of sub-scour soil deformation.
Physical model results have been transposed into discrete element models and simulations (e.g. Lau et al. this
symposium) that can now be used in the pipeline design process.

Much work has gone into understanding the behaviour of soils such as pure clays, silts and sands, and simple
layered soils (e.g. sands and clays). Sub-scour effects in coarser granular soils, and in particular mixed soils
(with clay, silt, sand and gravel), is less well known. Granular and mixed soils characterize much of the offshore
regions where ice scouring occurs (e.g. Blasco, this symposium).

Thorough study of ice scour-affected granular and mixed soils cannot be carried out offshore due to logistical
restrictions. However, scour-affected soils can be studied on land at several localities worldwide where they are
exposed to view in a variety of ancient strata from the Ordovician to the Pleistocene. Careful examination and
measurement of these preserved examples is an inexpensive way to define the nature and extent of sub-scour
displacement in a variety of mixed "natural” soils.

Choosing OPtimum Underwater Pipeline Burial Profile on Northeast Sakhalin Shelf

Surkov G.A.", Truskov, P.A.>, Zemluk, S.V.z, Polomoshnov, A.M.' and Astafyev, s.v.!

1: Sakhalin Oil and Gas Institute, 2: Rosneft — Sakhalinmorneftegaz Company, 3: Sakhalin Energy Investment
Co.

The drifting hummocks and stamukhas present main threat for underwater pipelines in the ice seas. The main
mode of protection of a pipeline in such conditions is burying them into a sea bottom. In selecting the optimum
burial depth, rated probability of damage P, of a pipeline is taken into account as well the cost of the pipeline
for burial depth C.
The choice of the pipeline burial depth is controlled by the following factors:

a) frequency of penetration of hummocks for the given depth of water;

b) distribution of depth of hummock penetration into a sea bottom;

¢) length of the pipeline;

d) type of ground, meteorological conditions etc.
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As these parameters can vary along a route of the pipeline, the pipeline is divided into sections and the optimum
profile of burial depth is selected: each sections has its own burial depth. The choice of optimum burial depth
profile of the pipeline is carried out by trying of all possible options satisfying the following condition:

P<P, C — min,

where P - probability of damage of the entire pipeline by drifting hummocks. The parameter P, lies within the
limits of 0.001+0.0001. Despite of the work done under the projects of Sakhalin - 1, Sakhalin — 2, a problem on
parameters a) and b} is still not solved. The experience has shown that parameters a) and b) are strongly garbled
by lithodynamic processes. The author proposes a technique for obtaining parameters a) and b) based on
mathematics modelling with field data on the depth of drift hummock penetration into the sea bottom. The
effect of lithodynamic processes on a choice of pipelines burial depth is discussed. The 40-year's experience of
a trouble-free operation of the underwater pipeline through the Nevelskoy Strait is discussed.

Response of Buried Arctic Marine Pipelines to Ice Gouge Events
Kenny, S., Phillips, R., McKenna, R.F., Clark, ].1.. C-CORE

For Arctic marine pipelines, the risk of potential damage due to ice gouges caused by pressure ridges and
icebergs is a significant concern. Some fundamental parameters for both ice/soil and soil/pipe interaction are
addressed. Pipeline response to subgouge soil deformations is modelled by fully nonlinear finite element
analysis using two-dimensional pipe elements coupled to discrete soil springs. The effects of internal pressure,
ice bearing pressure, ice gouge width and depth on the longitudinal strain response of a buried pipeline are
mvestigated. Characteristics of the soil response functions are reviewed and implications on pipeline design are
addressed.

Reference:

Kenny, S., Phillips, R., McKenna, R.F. and Clark, J.I. (2000). "Response of Buried Arctic Marine Pipelines to
Ice Gouge Events.” Proceedings, ETCE/OMAE2000 Joint Conference, Energy for the New Millenium, New
Orleans, LA, USA, Paper Number OMAEQ0-5001.

Welding Challenges for Strain-Based Design
Robin Gordon' , John Hammond?, Greg Swank®
1: Edison Welding Institute. 2: BP Amoco plc. 3: Alaska Dept. of Natural Resources, Joint Pipeline Office

Rigorous engineering analysis utilizing detailed site-specific data can result in acceptable strain-based designs
that operate within acceptable integrity, safety, and environmental protection limits. Progress is being made
relative to pipeline welding evaluation, however, no prescriptive guidance for strain-based design procedure
qualification testing is currently available. A need to develop general pipeline welding procedure guidance
when imposing a strain base design exists. The authors suggest that in the interim, designers should use best
engineering practices to evaluate the adequacy of the girth welded joint to perform to the intended limit states
plus perform full scale demonstration bend tests as required. Further recommendations on weld metal strength,
toughness and supplemental weld procedure qualification tests are provided for designer’s consideration and
evaluation.

To a Problem of Construction of Sea Pipelines in the Freezing Seas
Alexander Bekker, Far Eastern State Technical University

Northstar Pipeline Project Beaufort Sea, Alaska, Supplemental Leak Detection System
Les Owen, BP Pipelines (Alaska) Inc.
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OFFSHORE OIL DEVELOPMENT IN THE ALASKAN ARCTIC:
WHO BEARS THE RISK
Mombetsu, Hokkaido, Japan

ADDRESS OF MAYOR GEORGE N. AHMAOGAK, SR.
NORTH SLOPE BOROUGH, ALASKA, U.5.A.

Good morning. I am George Nasuayaaq Ahmaogak, and I am an Inupiat Eskimo and the
elected Mayor of the North Slope Borough, the regional government in northern Alaska. I
want to thank the Alaska Region of the U.S. Minerals Management Service, the
workshop organizers, and our gracious hosts here in Mombetsu for the opportunity to
speak today at this important gathering. I have always found that the colder the place 1
visit, the warmer the reception 1 receive. I think that's because regardless of their home
countries, northern peoples share so much in common. Our environment has shaped and
continues to enrich us. No matter what modern conveniences we may now finally enjoy,
we remain intimately tied to the land and water we depend upon for our traditional foods
and for our cultural identity. It's the same everywhere across the northern regions of the
world. While we are not in the Arctic now, the conditions here certainly resemble those I
left behind in Barrow, my home in Alaska some 330 miles north of the Arctic Circle. 1
Jook forward to visiting with ail of you while I am here, and especially those of you who
call this unique and beautiful region of Japan your home.

I want to speak today about my home, my people, our culture, and our relationship with
the increasingly active oil industry in northern Alaska. First, a bit of background to help
put my comments in some context. The North Slope Borough was formed in 1972, Tt is
the regional municipal government which encompasses a territory of approximately
88,000 square miles of northern Alaska. The diverse lands of the Borough stretch from
the shores of the Chukchi Sea on the west and northwest, to the Canadian border on the
east. They reach from the Brooks Mountain Range in the south, to Point Barrow and the
shores of the Beaufort Sea in the north. All of the land within the Borough lies above the
Arctic Circle. The 7500-plus Borough residents live in eight villages with populations
ranging from approximately 230 to 4700. About three-quarters are Inupiat Eskimos. The
Prudhoe Bay oil field lies within the North Slope Borough. It is the largest oil field in the
U.S. A property tax base that includes Prudhoe Bay has generated sufficient revenues to
bring our residents services that did not exist before the incorporation of the Borough.
We are still working to bring all of our villages modern sanitation, water, housing, fire
protection, education, health care, public transportation, and other services long taken for
granted elsewhere in our country.

Despite recent improvements in our standard of living and the introduction of a
widespread cash economy, we remain a people whose lifestyle is characterized by the
central importance of subsistence. Subsistence is more to us than simply hunting and
eating fish and game. It is the cooperative pursuit, harvest, processing, distribution,
storage, and consumption of wild foods. It is also the utilization of materials gathered for
clothing, tools, crafts, and ceremonial purposes. As a father and grandfather, I also
recognize that education of our youth in the great many skills demanded by a subsistence
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lifestyle is one of the most important aspects of my culture. All of these subsistence
activities bind residents together as a single extended community. The most important of
our subsistence activities is the pursuit of the bowhead whale, and I will highlight that
activity in the slides I will show in a few minutes.

While it is true that the oil industry is our primary revenue source, the Borough's
relationship with oil companies and the agencies which regulate them has not been
without conflicts. All of the oil production in our region to date has occurred onshore or
in nearshore waters connected to shore by causeways. In the early days of onshore oil
exploration and production, the industry was Just learning how to function in the harsh
arctic environment. Many mistakes were made. Agency oversight was lax. The
environment paid the price. Decades later, the tundra still shows the scars of seismic and
other vehicle tracks, abandoned drillsites, and gravel mines. Hazardous waste sites await
cleanup. Early pipelines, built low to the ground, block the free movement of caribou,
other wildlife, and our subsistence hunters.

The good news is that the oil industry in Alaska has made vast improvements in the way
it operates onshore. These changes have come with experience, with improved
regulations, with more rigorous agency oversight, with better science, and with the
aggressive involvement of the Borough and other concerned North Slope organizations.
Today, in most locations and with proper oversight, the risks posed by onshore industrial
operations are manageable.

Our views regarding offshore industrial operations are different. We continue to have
serious concerns about the ability of the oil industry to operate safely in arctic waters. At
risk is the arctic marine environment, subsistence and other wildlife resources, and the
subsistence lifestyle and culture of my Inupiat people. The Beaufort Sea is a harsh
working environment. It is also a unique and vulnerable ecosystem.

Borough residents have experienced the impacts of offshore oil exploration for more than
two decades. We now face the potential impacts of offshore oil production. The threats
posed by offshore exploration and production activities are of two primary types; noise
impacts and oil spill impacts. Noise impacts to wildlife resources and to traditional
subsistence harvests have occurred, and will continue to occur even when operations take
place as planned. Oil spill impacts to wildlife resources and to subsistence activities
could be catastrophic.

This workshop is particularly timely for me and for the residents of northern Alaska who
I represent. Two current proposals by British Petroleum would see the first stand-alone
offshore production facilities constructed in the Beaufort Sea. Both projects would
utilize man-made gravel islands and buried subsea pipelines for transportation of oil to
shore-based facilities. As we meet here today, production facilities associated with BP's
Northstar Development Project are being constructed in the Beaufort Sea. If BP receives
the necessary permits, construction of the Liberty Development Project would begin in
two years.



If you understand the central importance of bowhead whaling among all of our
subsistence activities, you should understand our great concern over the prospect of oil
production facilities and operations expanding offshore into the Beaufort Sea. The noise
from a single project in certain locations or from multiple projects has the potential to
deflect whales away from their traditional migratory path. The whales could be deflected
out of the reach of our whaling crews, or the crews will have to travel greater distances
under dangerous conditions to find animals. The Borough, along with the responsible
federal agencies, will require monitoring programs associated with these offshore
development projects. The monitoring programs will be designed to characterize the
noise generated by project facilities and operations, and to assess any impacts on wildlife
resources and subsistence activities.

The devastation that would result from a major oil spill is something that we all want to
avoid at all costs. That of course means that we should do all we can to prevent a spill. It
also means that the industry should have the capability to effectively deal with a spill
under arctic conditions if one occurs. We have asked for years for a realistic
demonstration of the oil industry's abilities to deal with a spill under the difficult
conditions which exist offshore much of the time in the central Beaufort Sea. We have
yet to see such a demonstration, and remain unconvinced that a significant spill could be
effectively responded to in anything but near ideal conditions. I look forward to hearing
what you experts have to say during this workshop about the design of marine pipelines,
and their ability to function under arctic conditions. I only ask you to remember that if
one of these pipelines fails in the Alaskan Beaufort Sea, it is my people, my children, my
culture, and the wildlife resources we respect and depend upon which will suffer.

I now have some slides which I hope will give you a better appreciation for the
environment, the resources, and the traditional Inupiat subsistence culture at risk as the
oil industry directs increasing attention offshore in the Arctic. Photographer Bill Hess,
who we have allowed to document our activities for the past fifteen years, took these
photos. Bill has shown a great respect for our culture, and has captured in these and other
images many of the things we consider most precious about our homeland in Alaska. T
will be available to answer questions after we view the slides. I hope you enjoy them.




GOUGING IN THE CONTEXT OF CRITICAL ISSUES OF ARCTIC OFFSHORE
PIPELINE DEVELOPMENT

Andrew Palmer (Engineering Department, Cambridge University, Cambridge, England)

Introduction

The objective in this paper is to examine decisions about gouging in the broader context
of the design of Arctic submarine pipelines. A design inevitably involves many
decisions: they interact in complex ways, and none of them can be considered in
isolation.

This is naturally well known to engineers generally, and of course to the designers of
pipelines. They know, for example, than many pipelines have to be buried. Among the
reasons for burial are to hold the pipeline down against the possibility of upheaval
buckling (in which the pipeline arches upward out of the seabed), to protect the pipeline
against fishing gear, and to give the pipeline additional thermal insulation to help
maintain the temperature of the contents. Each of these objectives can be accomplished
in other ways. It follows that a designer concerned with one objective has to sce that
objective in the context of all the others. If she decides that the pipeline has in any event
to be buried to protect it against upheaval, then that decision in turn influences choices
between insulation options. An additional complication is the fact that if the pipeline
runs hotter because of better insulation by the rock or soil it is buried in, then the driving
force for upheaval is greater, because it is the axial compressive force induced by
temperature and pressure. This is of a simple instance of the “design spiral’.

The overall context, as George Ahmaogak eloquently points out in his keynote address to
this meeting, is that the Arctic offshore is a precious and vulnerable environment,
important to the fauna and flora, to the local human community, and to the wider human
community. The petroleum industry can operate safely in the Arctic environment, but on
a zero-defect basis: one error will not be forgiven.

This paper examines the different problems that arise in the design of Arctic pipelines.
Intentionally, it starts with the easier problems, and goes on to those that create greater
difficulties and might become ‘show-stoppers’. It leaves aside decisions that are routine
and understood parts of marine pipeline engineering, and that are not greatly different in
the Arctic from elsewhere: corrosion and stability design are examples.

Some of the technical aspects of these ideas are developed more fully in a paper [1] at the
Offshore Technology Conference, and in earlier papers on gouging [2,3].




Problems other than gouging

Strudel scour occurs in areas close to the mouths of Arctic rivers. In the spring, the rivers
thaw while the sea is still frozen, and river water floods out over the sea ice. If the river
water encounters a hole or a crack, the water pours downwards through the hole, and
forms a rotating jet (‘strudel’), which in extreme cases can excavate a large hole in the
seabed. If that hole should happen to intersect a trench or buried pipeline, the pipeline
might be overloaded by hydrodynamic forces, or might be set into vortex-excited
oscillation and might fail by fatigue.

Damage by this mechanism is certainly conceivable, but it requires a coincidence of a
number of conditions:

a—

the strudel has to coincide with the pipeline; and

2 the strudel jet has to be powerful enough, and at the same time the water shallow
enough, for the seabed to be eroded; and

3 the seabed has to be eroded deeply enough for a buried pipeline to be exposed
over a substantial length; and

4 the jet has to reach the pipeline, and still have a high enough velocity to cause

damage (and, in the cause of vortex-excited oscillation, to persist long enough for
damage to occur).

Point 1 is important, and the probability of the required coincidence is rather low. Strudel
scour is a point phenomenon: for damage to be possible, the point where the strudel
forms has to coincide with the line of the pipe. In contrast, gouging is a line
phenomenon, and gouging damage requires the intersection of two lines, the gouge line (a
random walk driven by current and wind, and modified by interaction with the seabed)
and the line of the buried pipe.

Most strudel scours are rather shallow. A pipeline in an area subject to strudel scour
would almost certainly in any event be buried to a substantial depth to protect it against
gouging. Only a small proportion of strudel scours are simultaneously deep enough to
meet condition 3 and wide enough to meet condition 4. Simple calculations [1] for a
typical large-diameter line suggest that any credible combination of water depth, burial
depth, strudel diameter and jet velocity would not be enough to lead to either a
deformation and rupture limit state or to a fatigue limit state.

A second possible problem is leak detection. Leak detection in the Arctic is centrally
important, because of the sensitivity of the environment to even very small amounts of oil
(though much less so to gas), the possibility that oil might be trapped and spread under
sea ice but not be observed on the surface, and seasonal constraints on the deployment of
inspection equipment such as remotely-operated vehicles. Leak detection based on mass
balance is inherently of limited sensitivity, and much work is being done on acoustic and
chemical methods, which are capable of extraordinary sensitivity. Because leak detection
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is important to petroleum operations everywhere, not just in the Arctic, it is reasonable to
conclude that high-performance leak detection technology will be available when the
industry and the regulators demand it. Compatibility between leak detection and other
aspects of the pipeline system might prompt a change in configuration. One idea that has
been put forward is a pipe-in-pipe system, which allows the annulus to incorporate leak
sensors, and allows the annulus to been continuously sniffed to detect leaks, while the
outer pipe provides a second containment barrier.

A third possible problem is permafrost in shore crossings [4,5]. Some shore crossing
design concepts are indeed potentially very vulnerable to thaw by heat conducted from a
pipeline. Other design concepts are much less vulnerable, and the optimal strategy is to
select a design which minimises the problem. Horizontal drilling has many other
advantages - not least in minimisation of environmental impact — and allows extensive
experience of well drilling through permafrost to be brought to bear. Without
discounting the careful engineering that needs to be carried out, this seems to be a
containable problem that can be overcome by design.

The more difficult and challenging problems relate to construction and gouging.
Construction

Construction is a harder subject to get right than design is. There are good reasons for
that. The development of new kinds of construction equipment, and trials of new
construction methods, are orders of magnitude more expensive than design studies or
research in the laboratory, or even some kinds of field experiment. Contractors are
understandably and correctly extremely reluctant to invest in research and development of
new techniques, unless they have a high degree of confidence that their investments will
pay back within a reasonably short time. There are many examples of contractors who
burned their fingers with over-confident investment which did not pay off. Itis
occasionally suggested that only the bad ideas fall by the wayside, and that survival of
the fittest governs technological development. There is no justification for this
complacent view: many good ideas get lost as well [6].

In the past, 20 or 30 years ago, oil companies recognised this, and were prepared
themselves to invest, or more or less to promise that investment would be rewarded with
contracts. Several worthwhile and successful technological developments can be traced
back to that willingness [6]. The current climate, particularly since the new fashions
forced on oil companies by two sudden collapses in the oil price, has led oil companies to
take the position that they are not prepared to invest in technology, and to say to would-
be developers “we will not invest now: develop it and get it working, and then we might
possibly be interested”.

Even in better-understood fields such as deepwater pipelaying, bold moves forward in
technology have needed deep pockets and iron nerves. What may happen in the Arctic is
that the understandable absence of investment in the past will combine unhappily with
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lack of experience, risk aversion and the absence of R&D, to lead to troubled construction
projects, linked to cost overruns and long delays. It is difficult to see what can be done to
resolve this.

Several areas are potentially troublesome. One is construction from the winter ice, which
has been applied extensively in the Canadian Arctic. In the Drake F76 flowline
construction project [7], long ago off Melville Island, ice-based construction worked very
well, but it has to be said that at that time the potential difficulties of using ice as a
construction material were not fully understood. At that sheltered location the winter ice
was extremely stable, moved less than 1 m during the on-ice construction period
(February through April), and was not adversely affected by the cutting of a 1000 m slot,
a large hole, and several smaller holes. However, sea ice is quite extraordinarily brittle,
has a fracture toughness about one-tenth of that of glass [8,9], is inhomogeneous and full
of pre-existing cracks and brine channels, creeps, is within a few degrees of its melting
point, and is pushed around by very large environmental forces. It is not completely
unfair to think of an analogy of marine construction based on a floating sheet of heavily-
cracked glass loaded by large edge forces, which suggests that it will not be without
problems.

Almost certainly, Arctic marine pipelines will need to be trenched into the seabed, often
to a depth of several metres. That is not beyond the reach of dredging techniques, but it is
beyond conventional pipeline trenching equipment, because pipeline trenches are
normally required to have depths only between 1 and 2 m. Trenches will also need to be
backfilled. The potential demand for very deep Arctic trenches has been recognised for a
long time, but it has suffered from the lack of investment mentioned above.

Gouging

Gouging has been recognised as a potential ‘show-stopper’, at least since it was
understood that gouging is a contemporary process and estimates were made of the ice
forces that must have been applied to cut the large gouges that are frequently observed.
The problem became more serious still with the realisation that large deformations occur
beneath gouges [3], so that a pipeline trenched below the maximum gouge depth is not
necessarily safe.

A complete solution to this problem is still some way away. The prudent strategy that
has been adopted in at least one current project is to select the trenching depth very
conservatively, so that the top of the pipe is set at a depth below the mudline equal to
several times the maximum observed gouging depth. That strategy is straightforward in a
relatively benign gouging environment, but would be expensive in an aggressive gouging
environment with temporally and spatially frequent gouges several metres deep.

Only limited information is available about the extent of subgouge deformations, which
have been measured in centrifuge model tests [3] and in field observations on relic
gouges. Most of the tests were on a model clay, and little is known about how the
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deformations depend on the type and geotechnical history of the soil. From the mudline
to the level of the deepest significant subgouge deformations, the seabed soil has been
repeatedly remoulded by previous gouges, over a timescale which is very short
geologically (in comparison with major changes in sealevel, for example) but long by
comparison with the interval between extreme gouging events. It follows that the gouges
important in design are invariably gouges in soil which has been remoulded into a critical
state. This aspect of the problem has not been represented in model tests. It has also
been suggested [10] that geotechnical data ought to reveal the depth of remoulding, and
that this may be a better way of getting at the extreme subgouge deformation depth, rather
than extrapolation from observed gouge depth statistics combined with a subgouge
deformation model.

Though the geotechnics are extremely interesting, the response of the pipeline itself is
more important to decisions about safe strategies to protect the pipeline against gouging.
Modern design methods for pipelines are based on a limit-state philosophy {11], which
concentrates attention on states which directly threaten the environment and continuing
safe operation. The limit state that most concerns us is any rupture which allows the
contained fluid to escape. Yield, local wrinkling, large deformations and buckling are not
themselves limit states, and experiments show that pipelines can be buckled without
leaking (though buckling is undesirable for other reasons, such as obstruction to flow and
to the passage of pigs).

Conclusion

This suggests the unsurprising conclusion that analysis should focus on rupture limit
states, and that it can usefully apply methods developed in other contexts, such as
pipeline resistance to landslides in mountainous terrain. Some preliminary work
indicates that these limit states are not necessarily sensitive to the details of the subgouge
deformation. That in turn suggests that the most useful experiments will be those that
incorporate pipelines. Full-scale trials are better still, but they are expensive and may
encounter regulatory and environmental difficulties.
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Integrity of Offshore Pipelines:

Two Recent Workshops

by

Charles E. Smith
Research Program Manager
Minerals Management Service

2nd lee Scour & Arctic Marine
Pipeline Workshop

Mombeisu, Hokkaldo, Japan
February 7, 2000

Introduction

*

Development of offshore oil and pas resources has established

the subsea pipeline as u reliable, cost effective snd safc method

of transportition of produced hydrocarbons,

The need for subses pipelines systems will continue as future oil
and gas exploration results in discovery of resources in more hostile
areas in the Arctic und deep winers of the oceans.

* Integrity of pipeline systems. both during installation and
throughout the operating life, is an imporiunt element for operators
10 improve retiability and service for economical, operationat and
eavironmental reasons.

In many countries, pipeline sufety is now recognized as o critical
public issue and failures are not acceptable.

x

Introduction (cont.)

* Today, there are approximatety 30,000 miles of pipelines on
the 11,8, OCS and 4 similar number in state waters,

* These pipelines have had a remarkable record of sufety and
refiability, and both industry and researchers are cooperating 40
maintain this record.

Distribution of Reported
Incidents by Cause of Failure
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Failures due to corrosion
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6%
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International Workshop

an

Offshore Pipeline Risk Assessment & Management

Twa key objectives:

1. Compare alternative pipeline Risk Assessment and
Management (RAM) systems, with emphasis on
the analytical modeling aspects of these systems; and

2. Define ways forward that can lead to improved
applications and developments of these systems
for offshore oil and pas pipelines.

RAM Workshop (cont.)

Eight keynote presentations summarized the current state-of-practice
ind state-of-the-art in RAM of onshore and offshore pipelines. One
keynote paper addressed maintenance and the integrity of offshore
platforms {as a comparison as to what might be developed for
pipelines).

Five presentations addressed RAM of refinery pipeline systems and
other onshore transmission pipelines to seek possible applications

to offshore pipelines.

Three presentations addressed modeling of mitigation impacts
inciuding corrosion, third party damage and determination of
optimum RAM steategies,

Three punels addressed key uspects of pipeline RAM including
applicability of the three alternative approaches (Qualitative,
Quantitative. and mixed Qualitative/Quantitative}, links between

the upproaches and ways forward in utilizing and implicating the
approaches.

*

#®

B

*

RAM Workshop (cont.)

The keynote presentations indicated:

* A variety of methods and approaches cun be used to
help maintuin the safety and reliability of existing pipelines,
variations of Qualitative. Quantitative, and mixed Quulitative
/Quantitative upproaches: and

* A substantial body of existing technotogy has been and is
being implemented at the present time to maintain pipeline
systems, euch has it advantages und limitations,

RAM Workshop (cont.)

The presentations indicated:

* Protection against corrosion. third-party damage, and nutural
hazards appear to be the primary challenges for both onshore
and offshore pipelines: and

* Active work is underway within the industry to improve
corrosion and third-party dumage prediction, detection,
characterization. assessment and protection.

12




RAM Workshop (cont.)

The pitnel discussions indicated:

* Important differences exist between onshore and offshore
pipelines. including inspectability, consequences of loss of
containment, the products transported, and the pipeline
environment; and

*

Because of these difference. it is expected that there will be
some important differences in details of RAM for onshore
pipelines compured to RAM for offshore pipelines, especially
for those in Arctic/deepwiter environments.

Alaskan Arctic Pipeline Workshop
Key objectives of the workshop:

* To bring together members of the public and a group of experts
with skills retated to offshore pipeline design, operation
mainterunce and inspection to examine the current state of practice
tor pipeline alternatives under consideration for Aluska offshore oil
and pas reserves.

** Robust single wall design (all steel)

* Pipe-in-pipe design (ull steel)

* Flexible pipe system

** All steel carrier pipe, polyester juckel pipe-in-pipe design

*

*

* A key aspect of the workshop was that it was open Lo the public
and the speakers were urged to avoid highly technical discussions,
formal lectures and commercial overtones, and with their expertise,
to address the concerns and interest of the public sector. the
regulators. the designers and the operators.

Arctic Workshop (cont.)

Presentations indicated:

-

Importance of regulatory aspects related to the design,
construction and operation of Arctic offshare pipelines,
Underlined the importance of Arctic ecosystems for both
physical and cultural systems - need to work together to
ensure that oil spills under any circumstances should not
occur or be mitigated without harm to the enviroamnent.
Overviews focusing on pipeline design. construction, and
operations as well as operation and maintenance of the
Truns-Alaska Pipeline.

COrverview of popular pipeline risk assessment and
management approaches with particular emphasis on pipeline
corresion,

Overview of designs of pipe-in-pipe, flexible pipe, and other
related topics/applications. Typically, designs were discussed
along with key issues for such systems.

*

*

*
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OFFSHORE PIPELINE INTEGRITY
Title: Performance of Offshore Pipelines (POP)
Principle Investigator: Winmar Consulting
Purpose:

With the resources of Winmar, Rosen, Pipeline Inteprity
Internationu! and the University of California at Berkeley, severai
pipelines over a two-year period will be smart pigped. then
overpressured to fuilure. The fuiled sections will be identified and
brought to shore for actual measuring of the defects. The
inspection data and actual measurements will be inputted into
assessment methods such us DNV 99, B31G. und RAM Pipe
Requal 1o compare their accuracy. The uccuracy of the smart pig
measurements will be compared to the uctuat onshore
measurements as well.

Arctic Workshop (cont.)

* Composed of 27 invited presenters in 6 sessions
** Opening session
*** Keynote address - “Chatlenges for Arctic Offshore
Pipeline Developments™ by Dr. Andrew Palmer
*¥* Key presentation - “Arctic Offshore Pipeline
Compuarison Assessment Project” by Drr. Juck Clark
** Pipeline Design, Construction and Operations
** Pipeline Technology
** Pipeline Operational Monitoring Technology
** Pipeline Risk Analysis
Repulations Panel Discussions
* Composed of 3 breakout sessiof
*+ Design of Arctic Pipelines
** Constniction
** Operation and Maintenance
* 155 people attended the workshop which indicates the level of
interest in Arctic Pipeline Safety

*

*

Arctic Workshop (cont.)

Concluding observations: (Dr. Andeew Palmer)

* Workshop served us a pood
example on how to create an
informed community

25 pipe-in-pipe systems in the
GOM/N.S., some operated for more
than 15 years with satisfactory
performunce providing confidence
und indicating confidence for
Arctic offshore pipelines

No consensus was reached on the
“Optimum”™ system for Arctic
offshore pipelines

Observed that the regulatory process like all human activities isn’t
perfect, but events such as the workshop are very important in
expanding knowledge and invelvement of the whole community

*

*




OFFSHORE PIPELINE INTEGRITY

Title: An Engineering Assessment of Double Wall Versus Single
Waull Designs for Offshore Pipelines in un Arctic Environment

Principle Investigator; C-CORE, Memoriul University of
Newfoundland
Purpose:

The objective of the C-CORE project is to accurately document
the advantages und disadvantages (technical and non-technical) of
either a robust single thick walled design to a pipe-in-pipe design
considering the constraints associated with an offshore Arctic
pipeline project, i.e. tce cover, permafrost. scouring of the seafloor
by ice, etc. and based on supporting quantitative information.

Electronic Files Available

Both the RAM and Arctic Workshop Proceedings can be down
ioaded at the following sites:

Ram Workshop

http:/Awww,mms. gov/eod/trpro/Proj 282 him,
Arciic Workshop

hitp:/fwww.mms. govitarp/workshop25.him

*

*

"

*

Closing Comments

With increasing environmental awareness und strengthening of
regulations worldwide, the industry has been reguired to develop new
operating procedures and technelogies at an unprecedented rate,

To dute, the oil industry has met this challenge.

Future promises to bring new und more challenging situations.
** Aped platforms and pipelines
** Arctic operations {ice scour, etc.)
** Deepwater operations (slope stability,etc.)

To continue conducting safe and pollution free operations, industry
and regulators must work as partners to formulate solutions.

Future Pipeline Needs

*

Acceptable design mitigation for Arctic/deepwater hazards
(ice scour, soil movements. etc.)

*

Reliable methods to assess integrity of existing pipeline systems

*

Standurdization issues for internal monitoring (smaet pigs,
coupons, other NDE techniques}

%

Acceptahte reliability bused design method (limit state criteria)

*

Improvement in the leak detection technelogies and emergency shut
down systems to improve response capabilities (for both nbnormal
and emergency situations)

*

Reliable repair methods should the need arise




Oil Spill Response in Ice Infested Waters

James E. McHale
Alaska Clean Seas
Prudhoe Bay, Alaska, USA

David F. Dickins Nick W. Glover

DF Dickins Associates, Ltd Alaska Clean Seas

Salt Spring Island, B.C., Canada Prudhoe Bay, Alaska, USA
ABSTRACT

Ice conditions, in dynamic stages of development and degradation, are present for over
280 days out of every calendar year in the Beaufort Sea nearshore environment adjacent
to the operating oilfields on the Alaskan North Slope. Additionally, wind driven ice
invasions during the open water season, typically July through September, may also
occur for periods of seven to ten days, each with concentrations of 2/10 to 4/10
(concentration refers to the area of surface water covered by ice and is described by an
ice-to-water ratio expressed in tenths). This presence, combined with extreme arctic
conditions routinely presents a challenge to mounting safe and effective oil spill response
actions. In order to overcome this challenge, responders must develop response action
plans, not only with an understanding of the physical environment of the response
operations area, but also with a basic understanding of the effect this environment will
have on the fate and behavior of the spilled oil. Arctic spill response strategies,
worldwide, have been developed through more than twenty years of experience with both
offshore and onshore drilling and production operations in all types of sea and ice
conditions. Alaska Clean Seas (ACS) has based North Slope response action plans on
this experience, intense field training, and investigation and ground truthing of related
research and development projects.

1.0 INTRODUCTION

0il and ice interactions have been the subject of many oil spill response research and
development projects over the last 20 years.

15




Beginning with the research conducted offshore in the Canadian Beaufort Sea and
followed by projects in the Alaskan and Norwegian arctic, scientists and responders have
studied oil behavior, developed and tested methods and tools to mitigate the effects of an
oilspill in, on, or under ice. Arctic spill research projects have explored, under various
ice conditions, aspects including oil weathering characteristics, spreading under ice,
encapsulation and migration, remote sensing, trajectory modeling, and the testing of in-
situ burning, dispersants, and conventional containment and recovery equipment.

Alaska Clean Seas (ACS) was originally established in Prudhoe Bay in 1979 under the
name of ABSORB, an acronym for Alaskan Beaufort Sea Oilspill Response Body, to
support offshore exploration ventures in the Alaskan Beaufort Sea. This support was
defined by the following organizational objectives (Shafer, 1990):

1) to develop spill response technology for the area;

2) to acquire an appropriate inventory of the best available
countermeasure equipment and materials;

3) to maintain the equipment and materials in a high state of
readiness; and

4) to provide spill response training for personnel of member

companies and their contractors.

The organizational objectives of ACS did not include the provision of manpower and
management to conduct oil spill response operations until 1990 when the ACS ownership
elected to expand the mission of the organization to include response operations both
offshore and onshore. The new onshore operating area (Figure 1-1) included all of the
producing (North Slope) oilfields and the Trans Alaska Pipeline System (TAPS) corridor
north of the 